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Introduction
In today's information-rich environment, a firm's competitive advantage is increasingly determined by the leverage of external knowledge (Tambe et al., 2012) . Social media including online social networks and microblogging services, open up new possibilities to exploit this knowledge.
As the largest of these platforms, Facebook has more than two billion monthly active users as of the end of December 2017 1 and is also of great importance with respect to the time spent online by the average user (GlobalWebIndex, 2017) . Attracted by the opportunity to access a large user base, firms increasingly adopt a social media presence with Facebook being the favourite platform with more than 65 million business pages in the beginning of 2017 2 (Stelzner, 2017) .
While the main purpose of social media is marketing, business surveys show that it also relates to other firm operations such as receiving customer feedback in order to improve products and services (German Federal Statistical Office, 2017) . Accordingly, it provides faster and less costly access to knowledge, thereby facilitating product development and innovation due to users' input. External information from social media can be utilised by firms across all innovation stages ranging from idea generation contests and user feedback through comments or polls to entire co-creation campaigns .
Examples include Gillette launching the very first product for assisted shaving based on feedback inferred from social media 3 , Tesla improving the company's app based on CEO Elon Musk reading a complaint from a customer on Twitter 4 , and Airbnb CEO Brian Chesky asking on
Twitter what the company should launch in 2017 5 . Beyond anecdotal evidence of sourcing information from social media users, there is, to the best of our knowledge, no large-scale empirical evidence on whether or not firms' external focus in the form of a social media presence significantly enables corporate innovation.
In this paper, we examine the role that social media, specifically Facebook, plays for firms' innovation activity, i.e. the realisation of newly developed or significantly improved products 1 https://newsroom.fb.com/company-info, accessed on 23 April 2018. 2 https://venturebeat.com/2017/04/10/facebook-has-more-than-5-million-advertisers-with-75-from-outside-the-u-s/, accessed on 23 April 2018.
3 http://www.pgnewsroom.co.uk/blog/innovation-en/gillette-treo-first-product-everdesigned-assisted-shaving, accessed on 23 April 2018.
4 https://www.inc.com/justin-bariso/elon-musk-takes-customer-complaint-on-twitter-fromidea-to-execution-in-6-days.html, accessed on 23 April 2018.
5 https://twitter.com/bchesky/status/813219932087390208, accessed on 23 April 2018.
or services ('product innovation'). We use a unique and rich data set of 2,932 German manufacturing and service firms collected in 2015 and supplemented by information from firms'
Facebook pages available from 2010 until 2013. Combining survey data with web-crawled data allows us to not only take into account a huge set of firm characteristics relevant for innovation output but also to conduct a content analysis of both firm and user activity on Facebook.
Moreover, in contrast to studies focussing on large listed companies, our data set includes a large share of small and medium-sized enterprises which fairly accurately reflects the structure of the German economy. As a rather inexpensive communication tool, social media might be particularly relevant for small and medium-sized enterprises.
We find that the probability to introduce product innovations is positively and significantly correlated with firms' adoption of a Facebook page and with user activity on this page. Analysing the content of posts and comments on Facebook reveals that firms actively seeking for feedback from users are significantly more innovative. Surprisingly, negative user comments turn out to be significant determinants of firms' innovation output. A large set of robustness checks supports these results. These checks comprise considering Facebook activity from earlier periods, employing different social media measures, controlling for further sourcing channels and taking the persistence of firms' innovation behaviour into account. Moreover, an instrumental variable approach taking into account the potential endogeneity of firms' Facebook use underpins the credibility of our results.
Thus, a firm's Facebook presence and the information from users is particularly relevant for introducing product innovations. However, simply adopting a Facebook page and posting generic content does not necessarily mean that firms are benefitting from the knowledge of the user base. Firms should rather use this social media channel strategically by actively encouraging users to leave valuable feedback that can be then translated into improved products and services or into developing new ones. The quality of this user feedback is crucial for the innovation outcome and, in particular, firms should consider negative user comments.
Related Literature
The starting point of our analysis is the resource-based view of the firm suggesting that firms are conceptualized by a unique set of heterogeneous resources with a managerial role to determine the optimal allocation and application of resources in order to achieve a competitive advantage (Penrose, 1959) . Based on this approach, Grant (1996) introduces the knowledgebased view of the firm with knowledge as the strategically most important resource, embodied in different individuals within the firm. The firm's role is to integrate, coordinate and apply this specialist knowledge to the development of products and services, with the integration outcome corresponding to the organisational capability. However, relevant knowledge might not exclusively reside with individuals inside the firm, but also outside the firm's boundary, as suggested by Chesbrough (2003) . He argues that, according to the open innovation paradigm, firms' boundaries open up to include external ideas in conjunction with internal ideas for innovation.
According to Dahlander and Gann (2010) , a firm's openness can be classified into inbound and outbound innovation strategies as knowledge going into or out of the firm, respectively, which is further differentiated according to pecuniary and non-pecuniary interactions. For the case of inbound strategies, Dahlander and Gann (2010) distinguish between acquiring and sourcing from external resources, with the latter relating to this paper. Empirical studies mostly based on firm-level data show positive effects of these open innovation practices on firms' innovation performance (see Bogers et al., 2017 , for comprehensive reviews).
However, Dahlander and Gann (2010) argue that studies so far do not sufficiently account for new ways of collaboration with external actors facilitated by information and communication technologies (ICT). Moreover, as pointed out in the review articles by West and Bogers (2014) and by Randhawa et al. (2016) , the role of individuals or users as a source of innovation receives less attention from open innovation research.
Two further strands of literature are addressed by our study comprising the literature on user innovation and on firms' use of social media for inducing users' ideas. The former strand of literature provides empirical evidence on users of a product or service themselves being the innovator as they have superior information about needs and preferences as well as derive own benefits from their innovation (Baldwin and von Hippel, 2011; Bogers et al., 2010) , with Chatterji and Fabrizio (2014) as a more recent empirical study on physicians as innovators for medical device companies. The latter strand of literature comprises research on online user innovation communities of companies such as My Starbucks Idea or Dell IdeaStorm (Bayus, 2013; Gallaugher and Ransbotham, 2010; Di Gangi et al., 2010) , for which Dong and Wu (2015) find evidence of corporate innovation (and business value) based on user ideas. Aral et al. (2013) argue that social media in general transform firm boundaries, thereby creating a new way to interact with customers. Accordingly, studies focus on marketing outcomes such as user engagement based on firms' social media content and on the targeting of this content (Lee et al., 2016; Miller and Tucker, 2013) . Consumers' purchase expenditures or shopping visits are positively affected by targeted content and user engagement (Goh et al., 2013; Rishika et al., 2013) . However, the aforementioned advantages of social media not only affect marketing outcomes, but also might increase firm value more generally. Because of the real-time content produced by users, social media can even serve as a predictor of firm value (Luo et al., 2013) .
Firms' adoption and use of social media might affect firm performance through user engagement and user attention (Chung et al., 2015) . The paper by Gans et al. (2017) refers to Hirshman's (1970) book "Exit, Voice, and Loyalty" and analyses Twitter as a social media platform for customers' voice. As Gans et al. (2017, p. 6 ) point out "firms are increasingly migrating their customer service activities to social media and these platforms are responding by incorporating dedicated tools for customer service purposes. The dramatic reduction in the cost of voice that social media provides suggests that voice is likely to become an increasingly important phenomenon in many markets". In their study, 'voice' is analysed in the sense of customers' complaints about shocks in airline service quality such as significant delay. In our study, we look at 'voice' more generally and across several industries and relate it to firms' product innovation output.
In order to fully reap the benefits from user-generated information on social media a firm may need complementary data analysis skills (Hitt et al., 2016) . This finding implies that absorptive capacity Levinthal, 1989, 1990 ) is also necessary in the case of social media (Culnan et al., 2010) . This is also in line with Aral et al. (2013) , who state that it is necessary to account for organisational characteristics such as the interdepartmental coordination when looking at the transformative impact of social media platforms. As a consequence, engaging with customers on social media potentially creates a new channel for (open) innovation. However, there is so far only small-scale evidence of a positive relationship for firms' social media presence and innovation Mount and Garcia Martinez, 2014) .
On the basis of the aforementioned literature, we investigate the role of social media for corporate innovation, thereby differentiating between firms' and users' activities. Due to its high proliferation rates, we focus on Facebook as the social media platform of interest. We intend to fill existing gaps in the literature both by conducting research on social media with respect to innovation and by contributing to the discussion on open innovation concerning the role of users.
Analytical Framework
Following the evidence provided by the literature outlined above, we employ the concept of the knowledge production function introduced by Griliches (1979) and employed in many empirical (open) innovation studies (see for instance Laursen and Salter, 2006 , as an example closely related to our study). Accordingly, we assume that a firm's innovation output is determined by both internal as well as external knowledge sources. Therefore, a firm's innovation output (INNO) may depend on knowledge sources directly related to the innovation process, such as internal and external research and development (R&D). Moreover, the firm's social media presence (SM) is considered a medium for externally sourcing ideas and feedback from customers that might help the firm to further improve its products and services or to develop new ones.
In our analysis, measures of social media activity comprise the firm's adoption of Facebook, the activity by the firm and the activity by the users on Facebook. Since quantitative Facebook measures cannot inform us about the exact purpose of firms' social media use and about users' actual input, we apply a qualitative analysis of the content provided by firms and users allowing us to dig deeper into the actual activities on firms' Facebook pages. Measures of Facebook activities might also reflect firms' technical affinity and openness more generally. Therefore, in the estimations we control for firms' information technology (IT) intensity, which is determined by the use of enterprise resource planning (ERP) software and the percentage of employees working predominantly with a personal computer (PC). Further control variables (X) account for firm size, qualification and age structure of the workforce, industry-specific effects and firms' export status. Hence, the probability of firm i introducing an innovation can be written as: In general, firms may innovate in terms of significantly improving existing products and services or in terms of developing new products and services.
6
We expect Facebook activity to play a significant role for realising a product innovation. In particular, as a first main hypothesis (H1), we expect that the adoption of a Facebook page by a firm as well as the quantity of Facebook activity both by firms and users matters. The more posts a firm puts on its Facebook profile, the more likely it can start a dialogue and interact with users. The more comments users provide, the more likely this input contains relevant information that might be helpful for improving products and services. Thus, we specify the following hypotheses:
H1(a): For a firm, having a Facebook page is positively and significantly related to realising a product innovation.
H1(b):
The number of posts by the firm on its Facebook page plays a significant role for realising product innovations.
H1(c):
The number of user comments on the firm's Facebook page plays a significant role for realising product innovations.
Both firms and users might engage in social media in various ways. Therefore, it depends on the purpose for which firms use social media and on the quality of users' feedback whether or not firms can realise product innovations. In the case of Facebook, it is unclear whether firms use it with the purpose of gathering information or for marketing, for example. Similarly, it is unclear, whether users provide feedback that is helpful for improving products and services, or whether the feedback is generally not informative. Therefore, our second main hypothesis (H2) is that the role of Facebook activity for product innovation depends on the content and its quality. More precisely, we specify the following two hypotheses:
H2(a): Regarding firm activity, it is important to actively encourage users to give feedback in order to realise product innovations.
H2(b): For user activity, it is the length and the sentiment of user comments that play a role for product innovation.
In order to test for the first set of hypotheses, we analyse whether a firm's Facebook presence as well as the amount of firm posts and user comments are in fact specific determinants of product innovation success. The second set of hypotheses is tested by employing a content analysis of both user activity and firm activity on firms' Facebook pages in order to verify whether firms actually use Facebook to actively source information from users as well as to see whether length and sentiment of user activity matter.
In order to check the robustness of our results, we run a large set of further regressions: (i) (Peters, 2009; Flaig and Stadler, 1994 ) is taken into account by including the lagged innovation success approximating a cumulation of prior innovation activities as another explanatory variable for a subsample of firms. Finally, (v) an instrumental variable approach is employed to consider the endogeneity problem resulting from reverse causality with innovative firms being more likely to adopt new technologies such as social media and having a more active presence of both the firm and users on social media, than less innovative firms. Identification relies on a combination of two variables indicating a firm's business-to-consumer (B2C) focus (see also section 4.4). Firms operating in the end consumer market, as opposed to businessto-business (B2B) firms, are more likely to communicate with their customers by means of an external social media platform such as Facebook. Hence, a variable indicating the firm's market focus predicts the likelihood of a Facebook presence and its activity, which has also been suggested by prior research and business surveys (Culnan et al., 2010; Stelzner, 2017) . At the same time, firms being more active in the B2C market do not systematically differ from B2B firms with respect to their innovative output.
Data and Measures
The data basis used for the empirical analysis is the 2015 wave of the ZEW ICT survey, a business survey carried out by the Centre for European Economic Research (ZEW). 7 The sample is stratified according to 17 manufacturing and service sectors and three size classes with respect to the number of employees. The data set comprises 4,510 firms located in Germany.
Detailed information on the use of ICT, innovation activity, size, attributes of employees, and many further firm characteristics are included. After cleaning the data and taking account of item non-response, the estimation sample is reduced to 2,932 observations. 
Innovation
The main dependent variable is realised product innovation as a measure of innovation output.
• Product Innovation Dummy is measured by a dummy variable indicating whether or not a firm has introduced new or significantly improved products or services to the market between 2011 and 2013.
9
For a subsample of firms, information on the lagged realisation of a product innovation is available, which is defined analogously and covers the period from 2007 to 2009.
Social Media
Information on firms' adoption of social media was collected in the 2015 wave of the ZEW ICT survey. Firms were asked whether they use the following social media applications: online social networks, (micro-)blogs, wikis and collaboration platforms.
In order to present a more detailed picture of firms' social media activities and of their interaction with users, we enrich the survey data with external information from the firm-initiated 7 See Bertschek et al. (2017) for further details. The data is available at the ZEW Data Research Centre (http://kooperationen.zew.de/en/zew-fdz, accessed on 23 April 2018).
8 More specifically, observations are dropped i) in case of item non-response, ii) if the firm is affiliated with none of the considered industries or is in the very heterogeneous industry "Other Manufacturing", iii) has less than five or more than 5,000 employees, or iv) has implausible values for R&D expenditures, IT intensity or investments. Compared to the full sample, the estimation sample does not differ considerably with respect to the stratification criteria as shown in Table 2 , implying that observations are missing at random.
9 The definition follows the Oslo manual (OECD, 2005) and corresponds to the definition used in the European Community Innovation Survey (CIS). The information regarding a firm's social media presence on Facebook is obtained for the surveyed firms following the standardised procedure outlined in Appendix 7.1. Based on the profile information, the data of the firm's Facebook page activity from the year 2013 is collected 11 with the assumption that, in the absence of an account, all activity is equal to 0. We make use of the following variables for the firm and user activity on Facebook, for which the information is available for the complete year of 2013 12 :
• Facebook Dummy is a dummy variable equal to the value one, if the firm has adopted a Facebook page before 2014.
• Firm Posts measures the number of posts by the firm on the Facebook page.
• Firm Comments measures the number of comments by the firm replying to its own posts, user posts or other comments.
• User Posts measures the number of posts by users on the Facebook page.
• User Comments measures the number of comments from users replying to posts from the firm or users, or other comments.
Besides quantitative Facebook measures we have also collected qualitative information on firms'
Facebook accounts. As an initial quality approximation of user input, the average length of user comments is considered.
• Average User Comment Length is the average number of characters of user comments.
10 Facebook users can also become fans of the firm's Facebook page by liking the profile. As a consequence, these users receive the firm's content in their personal news feed.
11 See section 7.1.2 in the Appendix 7.1 for the procedure.
12 For a series of robustness checks, information on these Facebook variables dating back to the period 2010 to 2012 is additionally retrieved, although a minority of firms had a Facebook page back in 2010 as displayed in Figure 1 .
In order to determine whether the sentiment of user activity matters, the German-language dictionary SentiWS (Remus et al., 2010 ) is used with opinion bearing words weighted within the interval of [-1,1] totalling 15,632 negative and 15,649 positive word forms.
13 Following data processing 14 , every word of a user comment is compared with the dictionary, with the sum of detected weights (of corresponding words) resulting in a score for each user comment.
• % Negative User Comments is the proportion of user comments that have a negative sentiment score.
• % Positive User Comments is the proportion of user comments that have a positive sentiment score.
• Ratio Negative/Positive User Comments is the number of negative comments divided by the amount of positive comments.
Finally, to take into account whether firms actually use Facebook to explicitly source information from users, a qualitative analysis of the firm posts is employed. Therefore, we create a list of 111 specific keywords and their word forms, which indicate that firms are actually interested in user input if mentioned in the firm posts.
15 Each firm post is analysed with respect to engaging keywords resulting in the following variables:
• Engaging Firm Post Dummy is a dummy variable that takes the value one if the firm has at least one post containing engaging keywords.
• % Engaging Firm Posts is the proportion of firm posts that contain engaging keywords.
Further Firm Characteristics
Further variables that might be relevant for firms' innovation activity based on previous research are presented in the following. 16 A knowledge source directly related to the innovation process is R&D activity measured by the internal and external R&D expenses. In order to take into account the innovation-enabling character of IT (see for example Brynjolfsson and Saunders, 2010) , we include two measures of the firm's IT intensity: the presence of an ERP software and the share of employees using a PC. We consider firm size as another important determinant of innovation activity (see for example Schumpeter, 1942, and Levinthal, 1989) and measure it by the number of employees and gross investments. Furthermore, the qualification and age structure of employees are taken into account. They reflect the internal knowledge of the firms and the openness of the workforce towards new technologies. Additionally, firms' export activity is included as a measure of exposure to international competition, which has been shown to be positively correlated with firm performance (see for instance Wakelin, 1998, and Wagner, 2012) . Finally, 17 dummy variables control for industry affiliation.
As a robustness check, a variable from the survey is introduced indicating whether firms actually use the Internet as an information sourcing tool, while another control variable approximates the diffusion of Internet among employees. In order to include further channels of customer attention, a variable is created based on data from the Google search volume for the firm.
have a B2C focus (see McElheran, 2015 , for a similar procedure). Second, based on the ZEW ICT survey 2015, a B2C dummy variable is generated that takes the value one, if the firm is either completely or at least partially operating in the market for end consumers. As a result, the instrument corresponds to a combination of these two variables indicating a B2C focus:
• B2C Indicator is a measure taking the value one if the B2C output share on the industrylevel of the firm is above 30 percent and taking the value two if both the B2C output share on the industry-level of the firm is above 30 percent and the firm operates at least partially in the market for end consumers.
Results

Descriptive Statistics
The descriptive statistics in Table 3 show that on average half of the firms in the estimation sample have introduced at least one product innovation. For the firms with information on previous innovation output, 53.9 percent stated in 2010 to have introduced a product innovation.
The firm's expenses for R&D take up 5.1 percent of total sales on average. [ TABLE 3 ABOUT HERE] Table 4 shows descriptive statistics for the firms' social media presence. On average, 46.4 percent of the firms use social media, i.e. at least one out of the four applications given in the survey. The most popular social media applications are online social networks, which are used by 31 percent of the firms in the sample. They are followed by collaboration platforms (21.8 percent), wikis (14.5 percent) and (micro-)blogs (7.8 percent). Table 4 [TABLE 4 ABOUT HERE] Table 5 compares firms with and without a Facebook page with respect to firm characteristics.
Firms using Facebook have a higher rate of product innovators and are more IT-intensive.
They are larger 22 , invest more, have a higher fraction of young and high-skilled employees, are more often exporters and are more likely to be active in the market for end consumers.
However, the average expenses on R&D as a share of sales are not significantly different in firms with or without a Facebook page, whereas the findings suggest that Facebook use is positively correlated with innovation output.
[ As can be seen in Figure 3 , the adoption of Facebook is more prevalent in industries which are IT-intensive or B2C-focused, such as media services or retail trade, with adoption rates of 37.8 percent and 28.3 percent, respectively. By contrast, more traditional B2B industries such as manufacturing of machinery or basic materials have adoption rates below 13 percent. For both user and firm activity on the corporate Facebook page there is a similar pattern across sectors as displayed in Figure 4 . As an example, the average firm in the retail trade sector makes 20.9
posts in the year 2013 while receiving 111.4 user comments, whereas manufacturers of basic materials write 2.6 firm posts and get less than one user comment, on average.
[FIGURES 3 AND 4 ABOUT HERE] percentage points in the likelihood to introduce a product innovation, while firms' Facebook activity measured by the number of firm posts is insignificant. User activity measured by the number of user comments is significantly and positively correlated with the probability of realising a product innovation with 100 additional user comments (in a year) corresponding to a 0.4 percentage point higher likelihood of realising a product innovation. These effects remain in specifications containing two or three of these measures at once (columns 4 to 6 of Table   6 ). The results are not fully in line with our first main hypothesis (H1) suggesting a positive impact of the quantity of Facebook activity on product innovation. There are differences with respect to firms' and users' activities. While the firm's adoption of a Facebook page is relevant (as in H1(a)), the quantity of firm activity turns out to be insignificant and does not support hypothesis H1(b). In contrast, the quantity of user activity matters (according to H1(c)).
Econometric Results
A further knowledge source that is positively and significantly related to product innovation is, as expected, the share of sales spent for R&D as a measure of innovation input. Moreover, the firm size measured by the number of employees, gross investments and export activity as well as the use of ERP software, the share of employees using a computer and the share of highly qualified employees are all significant determinants of the probability to introduce a product innovation. The following analysis serves to further verify the generally positive impact of Facebook on the realisation of product innovation and to take a closer look at the firms' and users' activities in order to pinpoint important contributing factors.
[ Table 8 reveals the coefficient for the Facebook adoption to be only weakly significant, whereas the user activity is still positively and significantly correlated with the realization of a product innovation.
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[TABLES 7 AND 8 ABOUT HERE]
Content Analysis
Concerning our second main hypothesis (H2), as a next step, qualitative Facebook measures are considered as explanatory variables (Table 9 ). The results show that firms using keywords that encourage users to leave feedback, are significantly more likely to realise a product innovation, surpassing the size of the coefficient for firm's Facebook adoption (column 1 of Table 9 ). Thus, in line with hypothesis H2(a), an increase in the share of firm posts that contain engaging keywords significantly correlates with a higher probability of a product innovation. Furthermore, the average user comment length as a first proxy of quality is positively and significantly correlated with the probability of realising a product innovation. When distinguishing the user input by its sentiment, only the share of negative user comments is significant, suggesting a higher share of negative user comments to be correlated with a higher probability to develop new products and services or to improve existing ones (columns 4 to 6 of Table 9 ). This is reflected by a significant coefficient with respect to the ratio of negative user comments for a positive user comment, a result in favor of H2(b) postulating that the sentiment of user activity matters for being valuable for product innovation. Thus, the results support our second main hypothesis (H2) implying that the content of firms' and users' Facebook activities matters for product innovation output.
[ TABLE 9 ABOUT HERE]
Taking Account of Customer and Firm Attention
Including the relative Google search volume for a firm as well as firms' online sourcing behaviour and the level of Internet access among employees as control variables in Table 10 does not alter the findings of the baseline estimations. However, the coefficients of both Facebook adoption and user activity are slightly smaller when online sourcing is considered as a control variable (with the coefficient for the latter still rounding up to 0.004). Google search results as a further measure of customer attention and the share of employees with Internet access are of only weak significance, which is also due to a high correlation with firm size and IT intensity, respectively.
In contrast, online sourcing is highly significant and positively correlated with the probability of introducing a product innovation, suggesting that the systematic search of external information on the Internet is relevant for product innovation.
[ TABLE 10 ABOUT HERE]
Alternative Measures of Social Media Activity
The results also remain robust to alternative measures of firms' social media adoption, firm activity and user activity on Facebook (Table 11) . Specifically, the firm's social network adoption variable from the ZEW ICT survey 2015 is significantly and positively correlated with the probability to introduce a product innovation. Similarly, the sign and significance of the coefficients for the number of firm posts and the number of user comments do not change considerably if the Facebook measures are rescaled by the number of employees, while user comments per firm post as a further rescaling is also significant. Interestingly, firm activity measured by the amount of firm comments is weakly significant and positively correlated with the probability to introduce a product innovation, suggesting that firms' additional interaction with users is another determinant. Finally, user posts as an alternative measure of user comments is similarly significantly and positively correlated with product innovation output.
[ TABLE 11 ABOUT HERE]
Taking Account of Path Dependency of Innovation
Accounting for the hypothesis that (innovation) success breeds (innovation) success, the lagged innovation output is included as a further explanatory variable for a subsample. As Table 12 shows, the lagged innovation variable is positively and significantly correlated with the current innovation output, while both effects of the firm's Facebook adoption and user activity remain, though with a lower level of significance.
[ TABLE 12 ABOUT HERE]
Instrumenting Social Media
Given the fact that the data set underlying our estimations is a cross section, the estimated coefficients for the Facebook measures can only be interpreted as correlations. They might be prone to reverse causality in the sense that the more innovative firms might be more likely to adopt social media applications and engage with users since they are generally more openminded with respect to new technologies. In order to identify causal effects of a firm's Facebook presence, in a next step, an instrumental variable approach is applied. As outlined in section 4.4, the firm's Facebook adoption and the activity by the firm and users is instrumented by a B2C indicator capturing the link between a firm's focus on end consumers and its social media presence. age structure of employees and export status. Similar determinants are significant for both firm activity and user activity, except of the age structure of employees. Instead, the qualification structure of employees plays a significant role for the two measures of activity. In the second stage estimation, the coefficient of firms' Facebook adoption is now less significant for product innovation, while firms' Facebook activity is now weakly significant. For Facebook user activity, the coefficient for the number of user comments is still significantly positive for the probability of realising a product innovation, yet of less significance compared to the OLS estimation.
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The results of the instrumental variable analysis are in favour of a causal and positive effect of Facebook activity on product innovation output. Firms seem to benefit from their users' feedback on Facebook in terms of a higher probability of introducing a product innovation.
[ 
Discussion and Conclusion
We examine the role of firms' social media presence, specifically on Facebook, in firms' product innovation success. Firms can use this channel to communicate with their customers, to receive their feedback and their ideas in order to improve existing products and services or to develop new ones. Our results suggest that the probability of introducing a product innovation is positively and significantly correlated with firms' adoption of Facebook and user feedback.
Information gathered from users' comments seems to be channelled in a way that helps firms to improve or further develop their products and services or to create new products and services.
Our results withstand a large set of robustness checks, i.e. using Facebook activity that dates back further than the innovation activity, controlling for further sourcing channels, considering alternative measures of social media activity, and taking previous innovation success into account. The results are also robust when taking account of potential endogeneity of social media use by instrumenting social media with the firm's B2C focus.
Differentiating between quantity and quality of Facebook activity, we find that, first, firms'
Facebook adoption and the amount of user activity on firms' Facebook pages are relevant for 25 The results for the first and second stage remain qualitatively the same if the threshold indicating the B2C focus on the industry-level is lowered to 20 percent of the output transferred to final use by private consumers.
firms' product innovation, whereas the quantity of firms' Facebook activity is insignificant.
Second, when analysing the activity and the content provided on Facebook by firms and by users, the analysis shows that firms benefit from their Facebook activity by actively encouraging users to give feedback. Thus, from a firm's perspective, instead of posting generic information, sending information that encourages users to provide their feedback is crucial for innovation success. Regarding the content of user feedback, the results show that, besides the length of user comments, in particular negative user comments are associated with firms' innovation success. This result does not necessarily imply that positive user feedback is useless for firms at all, but maybe it rather matters from a marketing perspective; users who buy the firms' products and like them are more likely to provide positive comments and contribute to firms' sales but not to their innovation output. In contrast, negative feedback helps firms to identify problems and to improve their products and services. Developing and successfully implementing a social media strategy is no trivial task. Human resources are needed to take care of developing a way to draw customers' and users' attention to the Facebook profile and to channel feedback in a way such that it can be translated into improvements of products and services or into the development of new ones. For instance, a recent ZEW survey shows that 28 percent of firms in Germany that do not use social media cite a lack of human resources as the main obstacle . By using social media, firms can pursue several objectives such as marketing, customer relationship management, market research or innovation. Analysing Facebook feedback from these different perspectives demands interdepartmental permeability, i.e. exchanging information between people in charge and responsible departments in order to exploit the potential of social media.
Our analysis has some limitations. Firstly, it is focussed on mainly small and medium-sized enterprises located in Germany, so the results can only generally be applied to countries with a similar industry structure. Since German firms are rather conservative with respect to the adoption of new technologies, however, we might expect that the role of social media is more important in countries where firms and users are more open towards the adoption of new technologies. Secondly, our analysis is focussed on Facebook as the social media platform platforms play minor roles for firms' innovation output. Future studies might include different social media channels. Thirdly, the analysis is based on a data base that is unique with respect to its combining comprehensive information from a firm survey with information from firms' Facebook pages. Although this way of combining different data sets might be a guiding approach for future research, the data set at hand is a cross section and we are thus unable to account for unobserved heterogeneity. The availability of panel data with comparable information across periods should provide further evidence on the role of social media in firms' innovation success. on the firm's timeline, the first activity serves to restrict the sample to active profiles before the conducted interviews of the ZEW ICT survey. In case of several accounts, the main German profile of the surveyed firm is chosen, unless both activity and age falls below those of other relevant firm profiles.
Facebook Data Collection
Facebook provides an application programming interface (Graph API) to request data directly from the platform with requests ranging from objects, information about objects to connections between objects, where an object might, for example, correspond to a profile or post. 
